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1. Introduction

At the RAN WG1 #68bis meeting, the following regarding UL control signaling enhancements for Rel-11 carrier aggregation (CA) were agreed.
Agreement:

· Multi-Cell Periodic CSI Multiplexing for DL CA is supported in Rel-11

· Based on existing UL channel formats (FFS which one)

· Multi-cell HARQ-ACK and Periodic CSI Multiplexing for DL CA is supported in Rel-11
· A Rel-11 UE that supports PUCCH Format 3 can be configured for simultaneous transmission of multi-cell HARQ-ACK feedback, SR and periodic CSI report for one serving cell on PUCCH Format 3

· For a Rel-11 UE that is configured for Format 1b with channel selection, simultaneous transmission of multi-cell HARQ-ACK feedback and a periodic CSI report on PUCCH Format 2a/2b is FFS

· FFS whether separate coding or joint coding of HARQ-ACK and CSI 
According to the agreement above, two types of multiplexing are to be supported. In this contribution, we present our preferred solution to support both types of multiplexing considering Rel-11 CA scenarios.
2. Unified Solution for Various CA Scenarios
At the previous RAN1 meeting, the following two UCI multiplexing schemes were supported [1, 2].
· Scheme 1: To enable transmission of periodic CSI and HARQ-ACK in a subframe
· Scheme 2: To enable transmission of multiple periodic CSIs in a subframe
When focusing on avoidance of CSI dropping, Scheme 1 would be straightforward and sufficient as suggested in [3]. Actually, Scheme 2 is not perfect in terms of avoiding the CSI dropping although it may be beneficial in scenarios in which a large amount of CSI feedback is required, e.g., 5CC + CoMP + TDD. Therefore, our preference is to specify a unified solution based on Scheme 1 considering further extension to enable multiple CSIs if needed.
Proposal 1: Unified solution should be strived for in order to support transmission of CSI and HARQ-ACK in a subframe and transmission of multi-cell CSIs in a subframe.
In [4], we presented three possible transmission schemes, i.e., PUCCH format 3, modified PUCCH format 3, and the PUSCH. In order to apply such transmission schemes, explicit resource allocation based on higher layer signaling is required. Among these schemes, we have slight preference toward using the PUSCH due to the following reasons.

· CSI + HARQ-ACK transmission is already supported in the PUSCH

· Good scalability for multiple CSIs and its future extension
To conserve the UL overhead for the transmission of CSI and HARQ-ACK in a subframe, employing the aperiodic PUSCH mechanism using DL assignment might be beneficial as proposed in [4]. Figure 1 illustrates the mechanism, which is similar to the ACK resource indicator (ARI) for CA or aperiodic SRS mechanism using the UL grant. In this figure, a set of 3 PUSCH resources are reserved, and the DL assignment indicates one of the PUSCH resources for the actual CSI + HARQ-ACK transmission. In this way, flexible reporting is actualized when it is needed irrespective of the UL traffic. We also note that if the PUSCH reporting is not requested, the PUSCH resources can be used for data transmission. As a result, the UL overhead is minimized.
Proposal 2: Radio resource(s) for enhanced UL control signaling are explicitly assigned by higher layer signaling. Its aperiodic activation using DL assignment should be considered for UL overhead reduction.
Observation 1: We have a slight preference toward using the PUSCH format for enhanced UL control signaling considering its affinity to the transmission of CSI + HARQ-ACK and scalability to multiple CSIs.
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Figure 1 – Aperiodic PUSCH mechanism using DL assignment for CSI + HARQ-ACK transmission.
Finally, we discuss a potential problem regarding UL HARQ-ACK transmission in heterogeneous network (HetNet) deployment using CA as shown in Fig. 2 [5]. In the deployment scenario, the macro cell is used as the PCell and pico cells are configured as the SCells. In this case, a single PCell is shared by a large number of UEs that belong to different pico cells. We can easily expect that many SCell transmissions may occur in the downlink. Namely, numerous PUCCH resources must be reserved for the macro PCell. However, in the Rel-10 HARQ mechanism for DL CA, it was assumed that only a limited number of UEs is scheduled for the SCells. Actually, the number of specified ARI bits is only 2 bits by reusing the TPC command bits in the DL assignment for SCells, and it is clearly insufficient when many SCell transmissions occur in the downlink HetNet scenario. Therefore, we would like to discuss this issue in the scope of enhanced UL control signaling. 
A possible solution is to allow explicit radio resource allocation in the UL SCell. For example, by applying the aperiodic PUSCH mechanism (in Fig. 1) with resource reservation in the UL SCell, HARQ-ACK can be offloaded to the UL SCell that corresponds to a pico cell. Note that this mechanism is similar to piggy back on the PUSCH in the SCell that is already supported in Rel-10.
Observation 2: There is a potential problem regarding UL HARQ-ACK transmission in HetNet deployment using CA. We suggest discussing this issue in the scope of enhanced UL control signaling.
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Figure 2 – HetNet deployment using CA.
3. Conclusion

In this contribution, we presented our preferred solution to support two types of UL control signalings for Rel-11 CA scenarios. The proposals and observations are as follows.
Proposal 1: Unified solution should be strived for in order to support transmission of CSI and HARQ-ACK in a subframe and transmission of multi-cell CSIs in a subframe.
Proposal 2: Radio resource(s) for enhanced UL control signaling are explicitly assigned by higher layer signaling. Its aperiodic activation using DL assignment should be considered for UL overhead reduction.

Observation 1: We have a slight preference toward using the PUSCH format for enhanced UL control signaling considering its affinity to the transmission of CSI + HARQ-ACK and scalability to multiple CSIs.

Observation 2: There is a potential problem regarding UL HARQ-ACK transmission in HetNet deployment using CA. We suggest discussing this issue in the scope of enhanced UL control signaling.
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